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(54) Semiconductor package and method for forming semiconductor package 



(57) Electrodes of one face of a semiconductor 1 
which has electrodes formed to both faces and a heat 
radiating plate 10, 14, 40 are directly joined to quickly 
absorb and diffuse heat of the semiconductor, thereby 
improving a heat radiation effect. At the same time, elec- 



trodes are connected with use of a wire thicker than a 
wire for wire bonding and larger in current capacity and 
can accordingly be utilized as a connecting terminal to 
a circuit board. Ceramic is used for the heat radiating 
plate, so that semiconductors of different functions can 
be mounted simultaneously. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a package for 5 
a semiconductor used in electronic equipment and a 
method for forming the semiconductor package. 
[0002] A semiconductor is an essential component in 
forming circuits of electronic equipment and, various 
forms for mounting the semiconductors have been de- 10 
veloped and practiced lately. A form of the package as 
shown in Fig. 12 has been employed to facilitate han- 
dling and mounting the semiconductors in the prior art. 
[0003] An example of the aforementioned prior art will 
be described with reference to the drawing. is 
[0004] Fig. 12 shows a sectional view of a form of a 
conventional semiconductor package. 
[0005] A semiconductor 1 has an upper first electrode 
(upper a electrode) 2 and an upper second electrode 
(upper b electrode) 3 set to one face and a lower elec- 20 
trode 5 set to the other entire face. A circuit board 7 has 
predetermined circuit patterns formed to both faces 
which are joined by a through hole conductor (not 
shown), with forming a single circuit by tho two faces. In 
some cases, balls 8 essentially consisting of gold, silver, 25 
copper, or solder are joined, as connecting bodies for 
connecting the circuit board 7 to another electric circuit, 
to the circuit pattern of the circuit board 7 to facilitate 
connection of the circuit board 7 to another electric cir- 
cuit 30 
[0006] The semiconductor package is formed by join- 
ing the semiconductor 1 and the circuit board 7. First, 
the lewer elcctrooe 5 is joined by a solder 6 to the circuit 
pattern of the circuit board 7. A conductive paste or gold 
may be used in place of the solder 6 for joining the lower 35 
electrode 5 and the circuit pattern. 
[0007] Meanwhile the upper first electrode (upper a 
electrode) 2 and the upper second electrode (upper b 
electrode) 3 arc generally connected to the circuit pat^ 
tern by wire bonding with use of a gold wire or aluminum 40 
wire 4 

[0008] In order to protect a circuit forming part prima- 
rily consisting of the semiconductor 1 , the circuit board 
7 at tne side ol the face to which the semiconductor 1 is 
mounted is coaled with use of an insulating resin 9 in a *5 
manner not to deform the joining gold wire or aluminum 
wire 4. The semiconductor package is formed in this 
manner with a protection effect and an ease of use im- 
proved. 

[0009] The insulating resin 9 is supplied by molding so 
with use of a mold, pouring the molten resin or, heating 
and melting the resin of powder or particles after placing 
the resin on an upper face of the semiconductor 1 there- 
by coating the semiconductor entirely, or the like man- 
ner. 55 
[0010] When the semiconductor heats by a larger 
amount in the above-described constitution, the circuit 
board is not enough to radiate heat. Even if the circuit 



2 

board is formed of ceramic of a good heat conductivity 
and used to radiate heat to a heat radiating plate or the 
like, emphasis is put on forming the circuit pattern, that 
is, heat radiation is less taken into consideration, where- 
by a radiation loss is easy to generate. Also, even if the 
gold wire or aluminum wire is utilized to radiate heat, 
since the gold wire or aluminum wire used for wire bond- 
ing is limited in diameter, the wire should be used within 
a current capacity allowed for its diameter. A plurality of 
joints must be carried out to one electrode to cope with 
a large current as in a power source circuit. Although a 
distance between electrodes must be secured to ensure 
safety and reliability in accordance with a current in- 
crease, the distance is hard to secure in the case of the 
gold wire or aluminum wire because the wire is varied 
in shape at the time of wire bonding or deformed during 
processes afterwards, or the like. 

SUMMARY OF THE INVENTION 

[0011] The object of the present invention is accord- 
ingly to remove the above issue and provide a semicon- 
ductor package which is comprised of one or a plurality 
of semiconductors and can exert a superior heat radia- 
tion effect in a simple structure and a stable quality and, 
a method for forming the semiconductor package. 
[0012] In orderto accomplish the above objective, the 
present invention is constituted as will be described be- 
low. 

[0013] In accomplishing these and other aspects, ac- 
cording to a first aspect of the present invention, there 
is provided a semiconductor package comprising: 

a first semiconductor having electrodes formed to 
both of an upper and a lower faces; 
a heat radiating plate to which a lower face elec- 
trode of the first semiconductor is joined with use of 
a joining member; and 

pillared or spherical electrodes which are joined to 
the upper face electrodes of the first semiconductor 
and the heat radiating plate respectively. 

[0014] According to a second aspect of the present 
invention, there is provided a semiconductor package 
according to the first aspect, further comprising a seal- 
ing resin with which the first semiconductor and a face 
of the heat radiating plate joined to the first semiconduc- 
tor are covered in a manner to expose a part of leading 
ends of the pillared or spherical electrodes. 
[0015] According to a third aspect of the present in- 
vention, there is provided a semiconductor package ac- 
cording to the first or second aspect, further comprising 
a second semiconductor having electrodes formed to 
both of an upper and a lower faces and of the same kind 
of the first semiconductor, a lower face electrode of the 
second semiconductor being joined to the heat radiating 
plate with use of a joining member, the heat radiating 
plate having an electric circuit of an equal polarity 
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formed of a single or a combination material of gold, sil- 
ver, copper, nickel, and tungsten and set to ceramic, with 
the first and second semiconductors being joined to the 
electric circuit of the equal polarity. 

[001 6] According to a fourth aspect of the present in- 5 
vention, there is provided a semiconductor package ac- 
cording to the first or second aspect, further comprising 
a third semiconductor having electrodes formed to both 
of an upper and a lower faces and of a different kind of 
the first semiconductor, a lower face electrode of the io 
third semiconductor being joined to the heat radiating 
plate with use of a joining member, the heat radiating 
plate having an electric circuit of a plurality of polarities 
independently with the circuit being formed of a single 
or a combination material of gold, silver, copper, nickel, 15 
and tungsten and set to ceramic and with the first and 
third semiconductors of the different kinds being joined 
respectively to the plurality of polarities of the electric 
circuit. 

[0017] According to a fifth aspect of the present inven- 20 
tion, there is provided a semiconductor package accord- 
ing to any one of the first through fourth aspects, wherein 
the heat radiating plate is constituted of ceramic in a 
multilayer structure, having a circuit for the semiconduc- 
tor and the pillared or spherical electrodes with the cir- 25 
cuit being formed of a single or a combination material 
of gold, silver, copper, nickel, and tungsten and set to a 
front face thereof, and the heat radiating plate has con- 
ductor layers formed of an equal material to a material 
of the electrodes of the front face thereof and arranged 30 
between layers of the ceramic to be connected to the 
circuit of the front face, so that heat of the semiconductor 
is radiated by both the ceramic and the conductor layers. 
[0018] According to a sixth aspect of the present in- 
vention, there is provided a semiconductor package ac- 35 
cording to the first or second aspect, wherein the heat 
radiating plate is formed of any one material of copper, 
copper alloy, aluminum, and aluminum alloy, or any one 
of the metals subjected to surface treatment. 
[0019] According to a seventh aspect of the present 40 
invention, there is provided a semiconductor package 
according to any one of the first, second through sixth 
aspects, wherein a sealing resin and the pillared or 
spherical electrodes are formed by removing simultane- 
ously part of the sealing resin and part of the pillared or ^ 
spherical electrodes after the pillared or spherical elec- 
trodes are covered with the sealing resin, thereby ex- 
posing the pillared or spherical electrodes to constitute 
electric connecting parts. 

[0020] According to an eighth aspect of the present s° 
invention, there is provided a semiconductor package 
according to any one of the first through seventh as- 
pects, wherein the pillared or spherical electrodes have 
leading ends pressed smoothly to a uniform height. 
[0021] According to a ninth aspect of the present in- 55 
vention, there is provided a semiconductor package ac- 
cording to any one of the first through eighth aspects, 
wherein the pillared or spherical electrode is formed of 



materials of different hardnesses between an inside 
thereof and an outside thereof. 

[0022] According to a 10th aspect of the present in- 
vention, there is provided a semiconductor package ac- 
cording to any one of the first through eighth aspects, 
wherein the pillared or spherical electrode is formed of 
materials of different melting temperatures between an 
inside thereof and an outside thereof. 
[0023] According to an 11th aspect of the present in- 
vention, there is provided a semiconductor package ac- 
cording to any one of the first through third aspects, 
wherein further comprising a fourth semiconductor hav- 
ing electrodes formed to both of an upper and a lower 
faces and of a different kind of the first semiconductor 
and having a lower face electrode of an equal current 
and voltage characteristics to the first semiconductor, 
the lower face electrode of the fourth semiconductor be-' 
ing joined to the heat radiating plate with use of a joining 
member, the first and fourth semiconductors are mount- 
ed on the heat radiating plate. 

[0024] According to a 12th aspect of the present in- 
vention, there is provided a semiconductor package ac- 
cording to any one of the first through 11th aspects, 
wherein the heat radiating plate is provided with pits and 
projections to a front face of a face opposite to a face 
joined to the semiconductors. 

[0025] According to a 13th aspect of the present in- 
vention, there is provided a semiconductor package ac- 
cording to any one of the first through 12th aspects, 
wherein a plurality of bumps are disposed between the 
upper face electrodes of the semiconductor and the pil- 
lared or spherical electrodes. 

[0026] According to a 14th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package, comprising: 

joining a lower face electrode of a first semiconduc- 
tor which has electrodes formed to both of an upper 
and a lower faces to a heat radiating plate with use 
of a joining member; and 

joining pillared or spherical electrodes to the upper 
face electrodes of the first semiconductor and the 
heat radiating plate respectively. 

[0027] According to a 15th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to the 1 4th aspect, further 
comprising, after the pillared or spherical electrodes are 
respectively joined to the upper face electrodes of the 
first semiconductor and the heat radiating plate, cover- 
ing the first semiconductor and a face of the heat radi- 
ating plate joined to the first semiconductor with a seal- 
ing resin in a manner to expose a part of leading ends 
of the pillared or spherical electrodes. 
[0028] According to a 16th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to the 1 4th or 1 5th aspect, 
wherein when the first semiconductor is joined to the 
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heat radiating plate, a lower face electrode of a second 
semiconductor of the same kind of the first semiconduc- 
tor which has electrodes formed to both of an upper and 
a lower faces is joined to the heat radiating plate with 
use of a joining member and the first and second sem- 
iconductors are joined to an electric circuit of an equal 
polarity of the heat radiating plate with the electric circuit 
of the equal polarity being formed of a single or a com- 
bination material of gold, silver, copper, nickel, and tung- 
sten and set to ceramic. 

[0029] According to a 17th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to the 1 4th or 1 5th aspect, 
wherein when the first semiconductor is joined to the 
heat radiating plate, a lower face electrode of a third 
semiconductor of a different kind of the first semicon- 
ductor which has electrodes formed to both of an upper 
and a lower faces is joined to the heat radiating plate 
with use of a joining member and the first and third sem- 
iconductors are joined to an electric circuit of a plurality 
of polarities independently of the heat radiating plate 
with the electric circuit being formed of a single or a com- 
bination material of gold, silver, copper, nickel, and tung- 
sten and set to ceramic. 

[0030] According to an 1 8th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to any one of the 14th 
through 17th aspects, further comprising, before the 
semiconductor is joined to the heat radiating plate, form- 
ing, on a front face of the heat radiating plate constituted 
of ceramic in a layer structure, a circuit for the semicon- 
ductors and the pillared or spherical electrodes by a sin- 
gle or a combination material of gold, silver, copper, 
nickel, and tungsten, and arranging conductor layers of 
an equal material to a material of the electrodes of the 
front face between layers of the ceramicto be connected 
to the circuits of the front face thereof, so that heat of 
the semiconductors is radiated by both the ceramic and 
the conductor layers. 

[0031] According to a 1 9th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to the 1 4th or 1 6th aspect, 
wherein, before the semiconductor is joined to the heat 
radiating plate, forming the heat radiating plate by any 
one material of copper, copper alloy, aluminum, and alu- 
minum alloy, or any one of the metals subjected to sur- 
face treatment. 

[0032] According to a 20th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to any one of the 14th 
through 19th aspects, further comprising: 

after the pillared or spherical electrodes are respec- 
tively joined to the upper face electrodes of the first 
semiconductor and the heat radiating plate, cover- 
ing the pillared or spherical electrodes with the seal- 
ing resin; and 

thereafter removing part of the sealing resin and 



part of the pillared or spherical electrodes simulta- 
neously, thereby exposing the pillared or spherical 
electrodes to constitute electric connecting parts. 

5 [0033] According to a 21st aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to any one of the 14th 
through 20th aspects, further comprising, after the pil- 
lared or spherical electrodes are respectively joined to 

10 the upper face electrodes of the first semiconductor and 
the heat radiating plate, pressing smoothly leading ends 
of the pillared or spherical electrodes to a uniform 
height. 

[0034] According to a 22nd aspect of the present in- 

15 vention, there is provided a method for forming a semi- 
conductor package according to any one of the 1 4th 
through 21st aspects, wherein when the pillared or 
spherical electrodes are respectively joined to the upper 
face electrodes of the first semiconductor and the heat 

20 radiating plate, the pillared or spherical electrode 
formed of materials of different hardnesses between an 
inside thereof and an outside thereof is used. 
[0035] According to a 23rd aspect of the present in- 
vention, there is provided a method for forming a semi- 

25 conductor package according to any one of the 14th 
through 21st aspects, wherein when the pillared or 
spherical electrodes are respectively joined to the upper 
face electrodes of the first semiconductor and the heat 
radiating plate, the pillared or spherical electrode 

30 formed of materials of different melting temperatures 
between an inside thereof and an outside thereof is 
used. 

[0036] According to a 24th aspect of the present in- 
vention, there is provided a method for forming a semi- 

35 conductor package according to any one of the 14th 
through 16th aspects, wherein when the first semicon- 
ductor is joined to the heat radiating plate, a lower face 
electrode of a fourth semiconductor having electrodes 
formed to both of an upper and a lower faces and of a 

40 different kind of the first semiconductor and having the 
lower face electrode of an equal current and voltage 
characteristics to the first semiconductor, is joined to the 
heat radiating plate with use of a joining member, so that 
the first and fourth semiconductors are mounted on the 

45 heat radiating plate. 

[0037] According to a 25th aspect of the present in- 
vention, there is provided a method for forming a semi- 
conductor package according to any one of the 14th 
through 24th aspects, further comprising providing the 

so heat radiating plate with pits and projections at a front 
face of a face opposite to the face joined to the semi- 
conductors. 

[0038] According to a 26th aspect of the present in- 
vention, there is provided a method for forming a semi- 
55 conductor package according to any one of the 14th 
through 25th aspects, further comprising forming a plu- 
rality of bumps to the upper electrodes of the semicon- 
ductors, 
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Fig. 1 5 is a sectional view of a state of joining a cir- 
cuit board and a semiconductor element with use 
of the semiconductor package of the eighth embod- 
iment of the present invention; and 
5 Figs. 16,17, and 1 8 are sectional views of semicon- 
ductor packages according to other examples of the 
eighth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
10 EMBODIMENTS 



wherein when the pillared or spherical electrodes 
are joined to the upper face electrodes of the semicon- 
ductor, the pillared or spherical electrodes are joined to 
the upper face electrodes of the semiconductor via the 
plurality of bumps. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred em- 
bodiments thereof with reference to the accompanying 
drawings, in which: 

Fig. 1 is a plan view of a semiconductor package 
according to a first embodiment of the present in- 
vention; 

Fig. 2 is a sectional view of the semiconductor pack- 
age of Ihe first embodiment of the present invention 
taken along a line A-A of Fig. 1 ; 
Fig. 3 is a sectional view of a semiconductor pack- 
age according to a second embodiment of the 
present invention: 

Fig. 4 is a plan view of a semiconductor package 
according to a third embodiment of the present in- 
vention; 

Fig. 5 is a sectional view of the semiconductor pack- 
age of the third embodiment of the present invention 
taken along a line B-B of Fig. 4: 
Fig. 6 is a sectional view of a semiconductor pack- 
age according to a fourth embodiment of the 
present invention assumed to be cut along a line B- 
B' of Fig. 4; 

Figs. 7A and 7B are sectional views of a semicon- 
ductor package according to a sixth embodiment of 35 
the present invention; 

Figs. 8A and 8B are sectional views of a semicon- 
ductor package according to a seventh embodiment 
of the present invention; 

Figs. 9A, 9B, and 9C are sectional views of a sem- 40 
iconductor package according to an eighth embod- 
iment of the present invention; 
Fig. 1 0 is a sectional view of a semiconductor pack- 
age according to a ninth embodiment of the present 
invention; 45 
Figs. 11 A and 11 B are a plan view and a sectional 
view of a semiconductor package according to a 
10th embodiment of the present invention; 
Fig. 1 2 is a sectional view of a semiconductor pack- 
age of the prior art; so 
Fig. 1 3 is a plan view of the semiconductor package 
in the third embodiment of the present invention 
when electric circuits of an equal polarity are formed 
to a whole surface of a ceramic radiating plate; 
Fig. 1 4 is a sectional view showing a state of joining 55 
a circuit board and a semiconductor element with 
use of the semiconductor package of the eighth em- 
bodiment of the present invention; 



[0040] Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
by like reference numerals throughout the accompany- 
ing drawings. 

[0041] Semiconductor packages and methods for 
forming the semiconductor packages according to em- 
bodiments of the present invention will be discussed in 
detail below on the basis of drawings. 

(FIRST EMBODIMENT) 

[0042] Fig. 1 is a plan view of a semiconductor pack- 
age according to a first embodiment of the present in- 
vention, and Fig. 2 is a sectional view of the semicon- 
ductor package. 

[0043] In the semiconductor package according to the 
first embodiment of the present invention, the iowerface 
electrode of a semiconductor 1 has electrodes formed 
to both upper and lower faces, and the lower face elec- 
trode of the semiconductor 1 is joined to a heat radiating 
plate 10 with use of a solder, and the upper face elec- 
trodes 2 and 3 of the semiconductor 1 and the radiating 
plate 10 are joined to pillared or spherical electrodes 11 . 
[0044] The metallic heat radiating plate 10 is formed 
of any one of copper, copper alloy, aluminum, and alu- 
minum alloy. The metallic radiating plate 10 and the low- 
er electrode (lower face electrode) of the semiconductor 
1 having the electrodes to the upper and lower both fac- 
es are joined with each other by the solder. A thickness 
of a layer formed of the solder is made as small as pos- 
sible, so that its heat conduction efficiency is improved. 
Other examples of the joining member are conductive 
paste, gold, or the like. When the joining member is sol- 
der, heat conductance, joining properties (easiness of 
joining) to the semiconductor, and heat resistance may 
be improved. When the embodiment is applied to drivers 
of industrial motors such as AC servo motors and there 
is caused any lock of the rotation of the motor to gener- 
ate heat of about 120°C to which the joining member is 
subjected, such a joining member is preferably formed 
of solder. When the joining member is of gold, the heat 
conduction properties become high and the electrical re- 
sistance becomes lower. 

[0045] The pillared or spherical electrodes 11 formed 
of a metal essentially consisting of any one of gold, sil- 
ver, copper, and aluminum are joined to the upper first 
electrode (upper a) electrode 2 and the upper second 
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electrode (upper b electrode) 3 of the semiconductor 1 
and to the metallic radiating plate 10 with use of ultra- 
sonic oscillation, solder, or conductive paste. The con- 
ductive paste is a mixture of a metallic powder such as 
gold, silver, or the like and generally an epoxy resin or 
silicone resin having thermosetting properties and insu- 
lating properties, thereby exhibiting electric conductive 
and adhesive properties. 

[0046] Leading end parts of the pillared or spherical 
electrodes 11 at the side not to be joined to the semi- 
conductor 1 and the metallic radiating plate 10 are used 
for joining to a circuit board after the semiconductor 
package is completed. For this purpose, it is necessary 
to form the pillared or spherical electrodes 11 without a 
step, in other words, at an approximately equal height. 
[0047] Mixed-mounting of semiconductors 1 of differ- 
ent kinds can be carried out on the metallic radiating 
plate 10 if the semiconductors have equal current and 
voltage characteristics related to the lower electrodes. 
[0048] In the above constitution, the lower electrode 
of the semiconductor 1 is joined to the radiating plate 1 0 
with use of the solder, while the upper electrodes (upper 
face electrodes) 2 and 3 of the semiconductor 1 and the 
radiating plate 10 arc joined to the pillared or spherical 
electrodes 1 1 . When the radiating plate 1 0 of the metal 
is used, the semiconductor 1 is always joined directly 
only via the solder to the metallic radiating plate 1 0, so 
that the heat of the semiconductor 1 is considerably 
quickly transmitted to the metallic radiating plate 10, 
spread in the whole of the radiating plate 1 0 and radiated 
from a surface of the radiating plate 10. A temperature 
rise of the semiconductor 1 is accordingly prevented. 
Moreover, the metallic radiating plate 10 is utilizable as 
a conductor for the lower electrode if a connecting ter- 
minal is joined to the radiating plate 10. 

(SECOND EMBODIMENT) 

[0049] Fig. 3 is a sectional view of a semiconductor 
package according to a second embodiment of the 
present invention which uses a sealing resin 12 having 
insulating property. 

[0050] The semiconductor package in the second em- 
bodiment of the present invention is formed by covering 
the semiconductor package of the first embodiment with 
the sealing resin 12 in a manner to partly expose the 
pillared or spherical electrodes 11 . 
[0051] More specifically, after joining the pillared or 
spherical electrodes 11 of the first embodiment, the 
semiconductor 1 is covered with the sealing resin 12 
with use of a mold or jig so that end parts of the pillared 
or spherical electrodes 1 1 at the side joined to the circuit 
board project, e.g., by approximately 50-200um thereby 
forming projecting parts 13. 

[0052] When the mold is to be used, the semiconduc- 
tor package of the first embodiment is arranged before- 
hand within a cavity of the mold. The molten sealing res- 
in 12 is injected into the cavity generally by injection 



molding, then cooled and hardened. When the jig is to 
be used, on the other hand, the metallic radiating plate 
1 0 is surrounded in the periphery by a material not joined 
to the sealing resin 12, and then the molten sealing resin 
5 1 2 is poured therein, cooled and hardened. Alternative- 
ly, a specified amount of the powder or particle sealing 
resin 12 is put in the periphery, heated, melted, cooled 
and hardened. 

[0053] In the above-described arrangement, after the 
10 lower face electrode of the semiconductor 1 having the 
electrodes to the upper and lower faces is joined to the 
radiating plate 1 0 with use of the solder and, the upper 
electrodes 2 and 3 of the semiconductor 1 and the radi- 
ating plate 10 are joined to the pillared or spherical elec- 
ts trodes 1 1 , the semiconductor 1 is covered with the seal- 
ing resin 12 to expose the projecting parts 13 as part of 
the pillared or spherical electrodes 1 1 . Since the semi- 
conductor 1 is covered with the sealing resin 12 except 
leading end parts 13 of the pillared or spherical elec- 
20 trodes 11 , each component is protected from deforma- 
tion, damage : moisture, dust, or the like and the semi- 
conductor package after completed becomes easy to 
handle. 

25 (THIRD EMBODIMENT) 

[0054] Figs. 4 and 5 are a plan view and a sectional 
view of a semiconductor package according to a third 
embodiment of the present invention which uses a ce- 

30 ramie radiating plate 1 4 having insulating property. 
[0055] In Figs. 4 and 5, an electrode circuit 15 (15A, 
1 5B) for joining the lower electrode of the semiconductor 
1 (1A, 1B) is formed to an upper face of the ceramic 
radiating plate 14 with use of gold, silver, copper, nickel, 

35 tungsten, or the like. 

[0056] In the case where one semiconductor 1 of the 
same kind is to be mounted, where a plurality of semi- 
conductors 1 are to be mounted, or where a plurality of 
semiconductors 1 A, 1 B of different kinds with equal cur- 

io rent and voltage characteristics at the side of the lower 
electrodes are to be mounted, the electrode circuit 15 
(1 5A or 1 5B) of an equal polarity is formed of the afore- 
mentioned material to the entire surface of the ceramic 
radiating plate 14 as shown in Fig. 13. 

15 [0057] On the other hand, in the case where a plurality 
of semiconductors 1 A and 1 B of different kinds and dif- 
ferent current and voltage characteristics at the side of 
the lower electrodes are to be mounted, electrode cir- 
cuits 1 5A and 15B of a plurality of different polarities in- 

50 dependently of each other are formed for the respective 
semiconductors 1 A and 1 B to set the pillared or spher- 
ical electrodes 11 for the lower electrodes, as shown in 
Fig. 4. 

[0058] Any of the semiconductors 1, 1A, and 1B is 
55 mounted by soldering onto the formed circuit 15, 15A, 
15B respectively. Thereafter, the pillared or spherical 
electrodes 11 are joined onto the semiconductor 1 , 1A, 
1B and the electrode circuit 15, 15A, 15B with use of 
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any one of ultrasonic oscillation, solder and conductive 
paste. 

[0059] In forming the electrode circuit 15 of a conduc- 
tive paste, a resin component in the conductive paste is 
preferably burnt by baking at 600-1 600°C to effectuate 
intermetallic bond, so that the heat conduction efficiency 
is improved through firm joining of the circuit 1 5 with the 
ceramic radiating plate 14. 

[0060] Generally, when the current and voltage char- 
acteristics are different between lower electrodes of 
semiconductors 1A and 1B of different kinds to be 
mounted on the same radiating plate 14, the mounting 
is impossible if the radiating plate is metallic. However, 
in the arrangement of the third embodiment, the electric 
circuit 15 of the same polarity, or electric circuits 15A 
and 1 5B of a plurality of polarities are formed of a single 
or a combination material of gold, silver, copper, nickel, 
or tungsten to the entire face or part of the face of the 
ceramic radiating plate 14, while the radiating plate 14 
and the semiconductor 1 , or, 1 A and 1 B are joined and 
also the radiating plate 14 and the pillared or spherical 
electrodes 11 are joined. Since the plurality of polarities 
are provided independently of each other on the radiat- 
ing plate 14 with utilization of insulating, heat conduc- 
tive, and radiation properties of the ceramic, the semi- 
conductors can be independent and mounted on an 
equal face. At the same time, when the semiconductor 
is covered with the sealing resin 12 in the application of 
the earlier second embodiment, since the radiating plate 
14 itself is an insulator, electrically active parts except 
the leading end parts 1 3 of the pillared or spherical elec- 
trodes 11 to be connected to the circuit board are pre- 
vented from being exposed, therefore being improved 
in safety and reliability. Moreover, a thin wiring is elimi- 
nated and an allowable current can be made large when 
the electric circuit 15 of an equal polarity is formed. An 
area of a metallic wiring conducting heat well is in- 
creased, whereby heat radiation properties can be im- 
proved. 

(FOURTH EMBODIMENT) 

[0061] A semiconductor package according to a 
fourth embodiment of the present invention will be de- 
scribed with reference to Fig. 6. Fig. 6 is a sectional view 
of a multilayer of ceramic radiating plates 1 4. 
[0062] The semiconductor package in the fourth em- 
bodiment has a radiating plate 40 formed of ceramic in 
a layered structure. The semiconductor 1 and elec- 
trodes for pillared or spherical electrodes are formed of 
a single or a combination material of gold, silver, copper, 
nickel, and tungsten to a front face of the radiating plate 
40, and conductor layers to be connected to the elec- 
trodes of the front face are formed of an equal material 
to a material of the electrodes of the front face between 
the ceramic layers of the radiating plate 40. Heat of the 
semiconductor 1 is accordingly radiated by both the ce- 
ramic layers and the conductor layers. 



[0063] A method for forming the ceramic of the radi- 
ating plate 40 in many layers is not different from gen- 
erally used ones. For instance, in the case where the 
radiating plate 40 is constituted of an upper ceramic 

5 plate 14a and a lower ceramic plate 4b, holes 16 are 
formed to the upper ceramic plate 1 4a and electrode cir- 
cuits) 15C are formed to a front face of the upper ce- 
ramic plate 14a. Moreover, an equal material to a ma- 
terial of the electrode circuit(s) 15C is filled in the holes 

io 16, thereby forming conductor layers 1 5D. In the mean- 
time, electrode circuits of a necessary area are formed 
as internal conductors 17 to a front face of the lower 
ceramic plate 14b. Thereafter, the upper ceramic plate 
14a and lower ceramic plate 14b are united while the 

15 conductor layers 1 5D of the upper ceramic plate 1 4a are 
electrically joined with the internal conductors 1 7 of the 
lower ceramic plate 1 4b, as shown in Fig. 6. The ceramic 
plate 14a and ceramic plate 14b are united with use of 
an adhesion force generated in consequence of drying 

20 and baking a conductive paste usedfor forming the elec- 
trode circuits 15C, 15D and the internal conductors 17 
or use of the other adhesive so that the ceramic plate 
1 4a and ceramic plate 1 4b are joined to each other. An- 
other method uses a ceramic green sheet, in which the 

25 above upper and lower ceramic plates 1 4a and 1 4b are 
replaced with the green sheets. After the same process 
as above, the ceramic green sheets and conductive 
paste are simultaneously baked and united at 
600-1 600°C. The semiconductor 1 and the pillared or 

30 spherical electrodes 1 1 are mounted to the thus-formed 
ceramic radiating plate 40, whereby the semiconductor 
package is completed as indicated in Fig. 6. 
[0064] In this case, the heat generated at the semi- 
conductor 1 is directly transmitted to the joined electrode 

35 circuits 15C and to the internal conductors 17 via the 
conductor layers 1 5D inside the holes 1 6 further to the 
ceramic plate 1 4b. The heat is radiated from a lower sur- 
face of the lower ceramic plate 14b. Although the radi- 
ating plate 40 in the figure is constituted of two ceramic 

40 plates 14a and 14b, the ceramic plates can be over- 
lapped in many layers by repeating the same process. 
[0065] Normally, the transmission of heat is carried 
out not only via the conductor layers 15D in the holes 
16, but through every joined part. 

45 [0066] In the arrangement, the radiating plate 40 is 
constructed in a layered structure of ceramic, with hav- 
ing the semiconductor 1 and the electrodes for pillared 
or spherical electrodes 11 formed of a single or a com- 
bination material of gold, silver, copper, nickel, and tung- 

50 sten to the front face and having conductor layers 1 5C, 
1 5D, and 1 7 formed of the same material as the material 
of the electrodes of the front face between the ceramic 
layers to be connected with the electrodes of the front 
face, so that the heat is radiated both from the ceramic 

55 radiating plate 40 and the conductor layers 15C, 15D, 
and 17. More specifically, a heat conduction perform- 
ance of the metal is utilized in order to improve more 
heat radiation efficiency of the ceramic of the radiating 
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plate 40. In addition, the conductor layers 15D and in- 
ternal conductors 1 7 are set as a heat-transmitting me- 
tallic layer inside the ceramic of the radiating plate 40 to 
be connected to the electric circuit(s) 15C of the front 
face of the radiating plate 40 connected with the semi- 
conductor 1 in order to transmit the heat generated at 
the semiconductor 1 as fast as possible to the whole of 
the radiating plate 40. The heat can thus be transmitted 
from the electric circuit(s) 15C through the conductor 
layers 15D and the internal conductors 17 to the lower 
ceramic plate 1 4b. A heat diffusion efficiency can be im- 
proved and the heat radiation efficiency can be made 
further better. 

(FIFTH EMBODIMENT) 

[0067] In a semiconductor package according to a 
fifth embodiment of the present invention, the radiating 
plate is formed of any single material of copper, copper 
alloy, aluminum, and aluminum alloy, or the one metal 
thereof after subjected to surface treatment. Since the 
copper, copper alloy, aluminum, or aluminum alloy has 
a good processability to allow various working methods 
of cutting, casting, and the like, a large degree of free- 
dom in shape is effectuated and a use range is enlarged 
in combination with the surface treatment. 
[0068] As above, when the radiating plate is formed 
of any one material of copper, copper alloy, aluminum, 
and aluminum alloy or the one metal thereof after sub- 
jected to the surface treatment, if one semiconductor 1 
is to be mounted or a plurality of semiconductors 1 in- 
cluding lower electrodes of an equal current and voltage 
characteristics are to be mounted, the radiating plate it- 
self may be a conductor Since the above material trans- 
mits heat and electricity good, diffuses heat fast and is 
easy to solder among metals, the heat of the semicon- 
ductor 1 can be radiated more effectively. 

(SIXTH EMBODIMENT) 

[0069] A semiconductor package in a sixth embodi- 
ment of the present invention will be described with ref- 
erence to Figs. 7A and 7B 

[0070] The semiconductor package in the sixth em- 
bodiment of the present invention is obtained by cover- 
ing pillared or spherical electrodes 11 with the sealing 
resin 12 as shown in Fig. 7A, then simultaneously re- 
moving part of the sealing resin 12 and part of the pil- 
lared or spherical electrodes 11 to expose electrode 
parts of the pillared or spherical electrodes 11 , thereby 
forming connecting parts as shown in Fig. 7B. 
[0071] More specifically, in Fig. 7A, the semiconduc- 
tor 1 and the pillared or spherical electrodes 11 mounted 
on an electrode circuit of the metallic radiating plate 10 
or ceramic radiating plate 1 4 are covered with the seal- 
ing resin 12 with use of a mold or a jig as described in 
the second embodiment. The sealing resin 12 is applied 
by an amount at least covering leading end parts of the 



pillared or spherical electrodes 11, preferably, an 
amount whereby a margin is provided to the leading end 
parts as indicated in Fig. 7A. Thereafter, in Fig. 7B, a 
part 1 8, that is, an upper part of the pillared or spherical 
5 electrodes 1 1 and part of the sealing resin 12 formed in 
Fig. 7A is removed, whereby a smooth face 1 9 is formed 
and end faces of the pillared or spherical electrodes 11 
are exposed. 

[0072] The part 1 8 is removed by cutting by means of 
10 a rotating or reciprocating cutting tool or rotating an 
abrasive paper. 

[0073] The removal is carried out on the basis of a 
lower face of the metallic radiating plate 10 or ceramic 
radiating plate 14, whereby a total height is uniformed 
*5 without the need of carefully taking the amount of the 
sealing resin 12 into account. 

[0074] According to this constitution, part of the seal- 
ing resin 12 and part of the pillared or spherical elec- 
trodes 1 1 are removed at the same time after the pillared 

20 or spherical electrodes 1 1 are covered with the sealing 
resin 12, thereby exposing the electrode parts of the pil- 
lared or spherical electrodes 1 1 to form the connecting 
parts. Electrodes are accurately uniformed in height. In 
other words, although it is considerably difficult to uni- 

25 form a plurality of electrodes 11 in height when the pil- 
lared or spherical electrodes 11 are set on the electrode 
circuit of the semiconductors 1 and the metallic radiating 
plate 1 0 or ceramic radiating plate 1 4, all the electrodes 
11 can be uniformed in height by removing part of all 

30 electrodes 1 1 together with part of the sealing resin 1 2, 
so that an accuracy necessary for mounting can be fully 
satisfied. 

(SEVENTH EMBODIMENT) 

35 

[0075] A semiconductor package according to a sev- 
enth embodiment of the present invention will be dis- 
cussed with reference to Figs. 8A and 8B. The semicon- 
ductor package of the seventh embodiment of the 
40 present invention has pillared or spherical electrodes 1 1 
joined to the semiconductors 1 and a metallic radiating 
plate 1 0 or sealed with the sealing resin 1 2, and pressed 
smoothly thereafter. 

[0076] The pillared or spherical electrodes 11 joined 
45 to the semiconductors 1 and the metallic radiating plate 
1 0 or ceramic radiating plate 1 4 are not always constant 
in height because of working errors of individual parts 
to be joined to each other and processing errors at the 
time of joining the parts. However, the pillared or spher- 
so ical electrodes 11 are preferably uniform in height as 
much as possible to mount to the circuit board. There- 
fore, leading end parts of the pillared or spherical elec- 
trodes 1 1 are pressed to be deformed by a smoothing 
plate 20 having a smooth face, thereby uniforming the 
55 height. Fig. 8A is a diagram of a state in which the elec- 
trodes are pressed in the absence of the sealing resin 
12, whereby a pressure of the pressing is directly trans- 
mitted to joined parts with the semiconductors 1 be- 
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cause of no sealing resin 1 2. As such, the pressing force 
should be determined with a break of the semiconduc- 
tors 1 being taken into consideration. 
[0077] In Fig. 8B. the pillared or spherical electrodes 
1 1 are covered with the sealing resin 1 2 in a manner to 
expose leading end parts of the electrodes 1 1 with use 
of the method in the above-described second embodi- 
ment or the like. The pillared or spherical electrodes 1 1 
are pressed by the smoothing plate 20 and deformed at 
the exposed parts, thereby being uniformed in height. 
In this case, a large pressing force is required because 
the pillared or spherical electrodes 11 include only a 
small part that can be deformed. However, the pressing 
force is supported by the sealing resin 12 and scattered. 
The pressing lorce is prevented from being directly 
transmitted to the semiconductors 1. The semiconduc- 
tors 1 are accordingly less damaged in comparison with 
Fig. 8A. An allowance for a set value of the pressing 
force can be made large as compared with Fig. 8A and 
a workability is> improved 

[0078] According to the above construction, the 
smooth pressing is concocted after the pillared or spher- 
ical electrodes V ac joined to the semiconductors 1 
and the metallic radiating putc 10 or ceramic radiating 
plate 14 or sealed with tho seating rosin 12. The consti- 
tution of tho ombodimont can oxort tho same effects as 
the sixth embodiment The piliareo or spherical elec- 
trodes 1 1 can bo rasiry unit :>rmod in height by deforming 
the electrodes 11 through pressing with use of a jig or a 
mold having a smooth face 

(EIGHTH EMBODIMENT) 

[0079] A semiconductor package according to an 
eighth embodment of tnc present invention will be de- 
scribed with reference to Figs 9A. 9B. and 9C which are 
sectional views o' a pillared electrode 11 by way of ex- 
ample of the pillared or sohcrical electrode 11 in the 
eighth embodiment of the present invention. 
[0080] In the cighih omoodiment. the pillared elec- 
trode 11 is formed in a double structure of different ma- 
terials. A materia constituting an inside and a material 
constituting an outside arc different in hardness. 
[0081] The pillared cicctrocc 11 in a first example of 
the eighth embodiment is in the double structure as 
shown in Fig. 9A. having a hard inside and a soft outside, 
or as shown in Figs 16-18 having the outside formed 
of a material of a lower melting temperature than the 
inside. More specifically Fig SA shows the pillared elec- 
trode 11 in section which is formed of an inner member 
21 and an outer member 22 The inner member 21 is 
obtained by cutting a wire or bar stock of copper or a 
copper alloy to a constant si/o and finishing a surface 
smoothly by barrel finishing or the like. The outer mem- 
ber 22 is obtained by plating a material softer than cop- 
per, i.e., solder, tin, an alloy of tin and bismuth, or an 
alloy of tin and lead lo a front face of the inner member 
21. A plating thickness of the outer member 22 is, e.g., 



approximately 20-1 OOum When the electrode is 
pressed in an arrow direction in Fig. 9B at the time of 
joining to the substrate, an upper and a lower soft plated 
parts of the outer member 22 are deformed as illustrated 
5 in Figs. 9B and 14, whereas a hard part of the inner 
member 21 is not deformed. The whole of the pillared 
electrode 11 is prevented from being largely deformed 
and maintains its shape. In Fig. 1 4, 42 is a base material 
and 41 is a copper electrode, which constitute the circuit 
10 board 5. Metal diffusion is brought about to a part where 
the outer member 22 and the copper electrode 41 are 
in contact with each other and a part where the outer 
member 22 and the aluminum electrode 2 or 3 are in 
contact with each other. In the constitution of the elec- 
ts trode, a height of the electrode can be determined ac- 
curately and a high rigidity can be secured. The plating 
thickness of the outer member 22 is set to be not smaller 
than 20um because this is a minimum value (minimum 
value from experiments) whereat the plated part is start- 
le ed to be deformed and a minimum value necessary for 
absorbing the height variation. The plating thickness of 
not larger than 1 00u.m of the outer member 22 is set 
because the value is generally considered as a maxi- 
mum plating thickness. 
25 [0082] Figs. 16-18 show the pillared electrodes 11 in 
section each of which is formed of an inner member 21 A 
and an outer member 22B. The inner member 21 A is 
obtained by cutting a wire or bar stock of copper (melting 
point (melting temperature) of 1084.5°C), aluminum 
30 (melting point of 660. 4°C), or gold(melting point of 
1064.43°C) to a constant size and finishing a surface 
smoothly by barrel finishing or the like. The outer mem- 
ber 22B is obtained by plating solder (melting point of 
180-300°C) such as Sn-Ag-Cu-based, Sn-Cu-based, 
35 Sn-Au-based, Sn-Bi-based, or Sn-Pb-based solder, as 
a material having a melting point lower than that of the 
inner member 21 A, to a front face of the inner member 
21 A. Because of the solder of the outer member 22B, 
the joining strength can be more improved. Even in this 
40 case, similar to Fig. 9A, when the electrode is pressed 
in the arrow direction in Fig. 9B at the time of joining to 
the substrate : an upper and a lower plated parts of the 
outer member 22B are deformed as similar to Figs. 9B 
and 1 4, whereas the inner member 21 A is not deformed. 
45 The whole of the pillared electrode 1 1 is prevented from 
being largely deformed and maintains its shape. A dot- 
ted line in Fig. 18 shows an electrode of a circuit board. 
[0083] In the meantime, in a second example of the 
eighth embodiment, materials are switched between the 
50 inner member 21 and outer member 22, that is, the inner 
member 21 is formed of a wire or rod stock softer than 
copper, namely, any one of tin, tin-bismuth alloy, and tin- 
lead alloy which is cut to a constant size and finished 
smoothly at a front face by barrel finishing or the like 
55 manner. Then, a plated layer of a material harder than 
the material of the inner member 21 , i.e., copper or cop- 
per alloy is formed as the outer member 22 at the sur- 
face of the inner member 21 in a thickness of approxi- 
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mately 3-50u.m by plating. The outer member 22 is pre- 
vented from being broken when pressured in an arrow 
direction of Fig. 9C and, eventually deformed as shown 
in Figs. 9C and 1 5. 42 and 41 in Fig. 1 5 are respectively 
a base material and a copper electrode which constitute 5 
the circuit board 5. Metal diffusion is brought about to a 
contact part between the outer member 22 and the cop- 
per electrode 41 and a contact part between the outer 
member 22 and the aluminum electrode 2 or 3. Accord- 
ing to the constitution, an irregularity in height of the cir- w 
cuit board can be absorbed and also a uniform pressure 
is applied to electrodes through the deformation even 
when a plurality of electrodes are pressed at one time 
at the joining time. Different from the foregoing example, 
the plating thickness of the outer member 22 is set to is 
be not smaller than 3u,m, because the inner member 21 
is deformed thereby eliminating the need of deforming 
the outer member 22. The metal diffusion can be gen- 
erated good by having the thickness not smaller than 
3um without breaking the outer member. At the same 20 
time, the thickness of not larger than 50u.m is set be- 
cause the value approximately half of the plating thick- 
ness 100u.m of the outer member 22 is considered ap- 
propriate. 

[0084] When the pillared electrode 11 is constituted 25 
as in the above first example or second example, the 
electrode is hard to deform during the joining or the like 
whereas the electrode is easy to deform when a height 
adjustment is required. Excessive pressing is thus not 
required to adjust the height by the smoothing plate 20 30 
with the application of the seventh embodiment, so that 
the damage to the semiconductors 1 is eliminated. Fur- 
thermore, the work by the smoothing plate 20 is elimi- 
nated and the electrode can be deformed with a small 
amount of pressing when mounted to the circuit board. 35 
The height can be adjusted with an error at the side of 
the circuit board being absorbed. 
[0085] To any deformation of the pillared electrodes 
11 of the first example and second example, the height 
adjustment can be by approximately 5-30um 40 
[0086] As described hereinabove, according to the 
first example of the eighth embodiment, the pillared or 
spherical electrode 1 1 is in the double structure of the 
soft inside and hard outside or in the double structure 
having the outside formed of the material of a lower melt- 45 
ing temperature than the inside. In the pillared or spher- 
ical electrodes 1 1 comprised of the inside of copper or 
copper alloy and the outside of a soft material of any of 
tin, tin-bismuth alloy, and tin-lead alloy, the soft outer 
member 22 is deformed at the time of joining to the cir- so 
cuit board, whereas the inner member 21 is supported 
by the hard copper or copper alloy. The pillared or spher- 
ical electrodes 11 show no great deformation as a 
whole, with a smoothness secured at the leading end 
parts thereof. 55 
[0087] The smoothness can be secured by adjusting 
the height through smoothly pressing and deforming the 
electrodes in a heightwise direction, thereby coping with 



a height irregularity of the electrodes at the side of the 
circuit board when the electrodes are mounted as a 
semiconductor package to the circuit board, in other 
words, absorbing the height irregularity of the electrodes 
on the circuit board. 

[0088] According to the second example of the eighth 
embodiment, the pillared or spherical electrode 11 is in 
the double structure of the soft inside and hard outside, 
or in the double structure having the outside of the ma- 
terial of a higher melting temperature than the inside. 
The same effect as in the first example can be obtained 
even by switching the materials between the inside and 
outside of the pillared or spherical electrode 11. 

(NINTH EMBODIMENT) 

[0089] A semiconductor package according to a ninth 
embodiment of the present invention will be described 
with reference to Fig. 1 0. In the ninth embodiment of the 
present invention, pits and projections are formed to a 
front face of an opposite face of the radiating plate to 
the face joined to the semiconductor so as to increase 
the surface are thereof resulting in improving the heat 
radiation effect. 

[0090] In any radiating plate of the metallic radiating 
plate 10 and the ceramic radiating plates 14, 40, pits 
and projections 23 are formed to the front face of the 
face opposite (lower face in Fig. 10) to the face (upper 
face in Fig. 10) where the pillared orspherical electrodes 
11 are mounted to the semiconductors 1, 1A, 1B. Be- 
cause of the presence of the pits and projections 23 at 
the front face, a surface area is increased and a contact 
area with the air is increased, so that a heat radiation 
effect is improved. That is, the instantaneously gener- 
ated heat of the semiconductors 1, 1 A, 1B is absorbed 
by a part of a large volume density without the pits and 
projections 23 (namely, the face of the radiating plate 
where the semiconductors are mounted). Then the heat 
is conducted and transmitted to the pits and projections 
23 and radiated from the surface of the pits and projec- 
tions 23. Although a sectional shape of the pits and pro- 
jections 23 is illustrated nearly triangular in Fig. 10, the 
shape is not limited particularly to the triangle and can 
be rectangle, corrugated from, or other forms. 
[0091] When the pits and projections 23 are formed 
to the front face of the face opposite to the face of the 
radiating plate 10, 14, 40 where the semiconductors 1 , 
1A, 1B are joined in the construction, the surface area 
of the radiating plate 10, 14, 40 is increased, so that the 
heat radiation effect can be improved. Since the contact 
area to the air is increased, an amount of heat of the 
radiating plate 10, 14, 40 to be radiated into the air is 
increased, thereby promoting the heat radiation effect. 

(TENTH EMBODIMENT) 

[0092] A semiconductor package according to a 1 0th 
embodiment of the present invention will be described 
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with reference to Figs. 11 A and 11B. 
[0093] In the 10th embodiment of the present inven- 
tion, a plurality of bumps 24 are formed to each of the 
upper first electrode (upper a electrode) and the upper 
second electrode (upper b electrode) of the semicon- 
ductors 1 , 1 A, 1 B (represented by the semiconductor 1 
in the description below and the drawings), and then, 
pillared or spherical electrodes 11 are joined then to the 
plurality of bumps 24. The bump 24 is not limited to gold, 
but may be formed of copper or aluminum. In the gold 
bump 24, the height stability can be easily ensured. In 
the copper bump 24, the electrical resistance and the 
cost can be decreased. In the aluminum bump 24, the 
processability can be improved. 

[0094] The plurality of bumps 24 of gold are formed 
to the upper first electrode (upper a electrode) 2 and the 
upper second electrode (upper b electrode) 3 of the 
semiconductor 1 by a bump formation method using 
general ullrasonic oscillation. The bumps 24 are prefer- 
ably foimed to be scattered as much as possible inside 
the upper first electrode (upper a electrode) 2 and the 
upper second electrode (upper b electrode) 3 and in a 
range not larger than a bottom area of the pillared or 
spherical electrode 11 . If the bumps 24 arc formed in an 
unbalanced state and concentrated to one side, the pil- 
lared or spherical electrode 11 is sometimes inclined at 
the mount time of the pillared or spherical electrode 11 
or a connection area of the pillared or spherical elec- 
trode 11 ts apt to reduce, leading to a connection failure. 
[0095] A sectional shape of the bump 24 is not spec- 
ified A variation of approximately 10u.m in height of the 
bumps 24 generated when formed is allowed because 
the bumps are pressed and crushed when the pillared 
or spherical electrode 11 is mounted. However, for en- 
hancing an effect in height adjustment when the pillared 
or spherical electrodes 11 are mounted, the bumps are 
preferably formed as high as possible and no particular 
problem is brought about when the height is 50um or 
more 

[0096] According to the above construction, after the 
plurality of bumps 24 are formed to each of the upper 
first electrode (upper a electrode) 2 and the upper sec- 
ond electrode (upper b electrode) 3 of the semiconduc- 
tor 1. the pillared or sphencal electrodes 11 are joined 
onto the bumps 24. As compared with the case where 
large electrodes, i.e.. pillared or spherical electrodes 11 
are directly joined to the upper first electrode (upper a 
electrode) 2 and the upper second electrode (upper b 
electrode) 3 of the semiconductor 1 , the semiconductor 
1 is less damaged when the semiconductor 1 has the 
small gold bumps 24 formed through ultrasonic oscilla- 
tion. When the pillared or spherical electrodes 11 arc 
mounted on the bumps 24 through ultrasonic oscillation, 
the bumps 24 are deformed thereby easing a load to the 
semiconductor 1 and adjusting the height. The gold 
bump 24 has a good solderability, enabling joining to the 
pillared or spherical electrodes 11 by solder. 
[0097] In each of the above-described embodiments, 



the lower electrode of the semiconductor 1 , 1 A, 1 B hav- 
ing the electrodes to both of the upper and lower faces 
is joined with use of the solder to the radiating plate 10, 
14, 40, and moreover the pillared or spherical electrodes 

5 11 are joined to the upper electrodes of the semiconduc- 
tor and the radiating plate. The semiconductor package 
of a high reliability can be consequently formed easily 
and stably. More specifically, the electrode at one face 
of each semiconductor 1, 1A, 1B which has electrodes 

10 formed to both faces is directly joined to the radiating 
plate 10, 14, 40, so that the heat of the semiconductor 
1 , 1 A, 1 B can be quickly absorbed and diffused, with the 
heat radiation effect improved. At the same time, since 
the pillared or spherical electrodes 11 thicker than a wire 

15 used in wire bonding and a larger current capacity than 
the wire are employed for the connection, the pillared or 
spherical electrodes 11 can be utilized as connecting 
terminals to the circuit board. 

[0098] In the case of the insulating ceramic radiating 
20 plate 1 4, 40, having insulating function, semiconductors 
1 A and 1 B of different functions can be mounted simul- 
taneously. 

[0099] The present invention is not limited to the fore- 
going embodiments and can be executed in other vari- 

25 ous modes. 

[01 00] For example, each of the above embodiments 
is primarily related to the case where one semiconductor 
1 is mounted on the metallic or ceramic radiating plate 
10, 14, 40. If a plurality of semiconductors of the same 

30 kind are mounted or a plurality of semiconductors 1A 
and 1 B of different types are mounted, a circuit of a wide 
range can be formed small with a higher efficiency than 
when one semiconductor 1 is mounted. If the plurality 
of semiconductors are mounted, wiring between the 

35 semiconductor elements, i.e. : ICs becomes short to low- 
er an impedance, whereby an electric high frequency 
transmission loss is reduced and an efficiency can be 
improved. When an electronic circuit module used in 
combination of a predetermined plurality of ICs is incor- 

40 porated in one package, a ratio of a dead space de- 
creases and the dead space becomes small. In other 
words, for example, in the case where two kinds of sem- 
iconductors for a transistor and for a diode are to be 
used, the semiconductors pair in terms of an electronic 

45 circuit are to be used, and therefore leads of the above 
one package can be reduced to three although the sem- 
iconductors in different packages need five leads. The 
circuit of a large range can accordingly be formed small. 
[0101] One example where the semiconductor pack- 
so age of the embodiment is applied to actual products, are 
power modules such as motors for industrial use, such 
as AC servo motors, usable for robots or component 
mounting apparatus. Specifically, such a motor has the 
motor output of 100-200W, the normal calorific value of 

55 1 0-20W, the load or abnormal calorific value of 20-1 00W 
or 20-200W, performing a switching conversion function 
of a semiconductor element at normal time and an ac- 
celerating and decelerating motion at loading time, and 
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causing a locking motion of motor's rotary shaft at ab- 
normal time. In this case, each electrode has the follow- 
ing outer diameter and height: Imm-diameter of each 
electrode at the substrate side and the semiconductor 
element side, Imm-height at the substrate side, and 
0.5mm-height at the semiconductor side. The shape of 
each electrode is column. The load voltage of the sem- 
iconductor element is 200V, and the current is 1 -5A. Tak- 
ing into account with insulating properties, a distance 
between the adjacent electrodes having different poten- 
tials is away from each other by at least 0.4mm and the 
electrodes are preferably coated with an insulating res- 
in. 

[0102] As above, according to the present invention, 
the lower face electrodes of semiconductors each hav- 
ing electrodes formed to both upper and lower faces are 
joined with use of the solder to the radiating plate, and 
moreover, pillared or spherical electrodes are joined to 
the upper face electrodes of the semiconductor and the 
radiating plate. The semiconductor package constituted 
with use of one or a plurality of semiconductors can be 
formed in a simple structure with a superior heat radia- 
tion effect and a stable quality. 

[0103] Concretely, since the lower electrodes of the 
semiconductors are joined to the radiating plate, the 
heat generated at the semiconductors can be directly 
transmitted to the radiating plate. Moreover, the upper 
first electrode (upper a electrode) and the upper second 
electrode (upper b electrode) of the semiconductor are 
joined to the radiating plate with use of the pillared or 
spherical electrodes which are thicker than a gold or alu- 
minum wire used for wire bonding and hard to deform 
after the joining. The other ends of the pillared (colum- 
nar) or spherical electrodes can be utilized as connect- 
ing parts to the circuit board. Accordingly, the present 
invention provides the semiconductor package which 
can cope with a large current, can easily improve the 
heat radiation efficiency and secure a distance between 
electrodes. The semiconductor of a large operating cur- 
rent and voltage and a large heat amou nt can be mount- 
ed compact, inexpensively and highly reliably and can 
be manufactured stably 

[0104] When the semiconductor and the face of the 
radiating plate joined to the semiconductor are covered 
with the sealing resin in a mannerto expose part of lead- 
ing ends of the pillared or spherical electrodes, each 
component can be protected from deformation, dam- 
age, moisture, dust, and the like and becomes easy to 
handle with as a semiconductor package after complet- 
ed. 

[0105] When independent electric circuits of a plural- 
ity of polarities of a single or combination of gold, silver, 
copper, nickel, and tungsten are arranged to the ceramic 
of the radiating plate and semiconductors of different 
kinds are joined to the electric circuits of the plurality of 
polarities of the radiating plate, the independent plurality 
of polarities can be formed independently of each other 
on the same face of the radiating plate 14 with the utili- 



zation of insulating properties, heat conduction, and 
heat radiation properties of the ceramic. 
[0106] When the radiating plate is formed in a multi 
layer structure of ceramic having semiconductors and 
5 electrodes for the pillared or spherical electrodes 
formed of a single or combination of gold, silver, copper, 
nickel, and tungsten to the front face thereof and also 
having the conductor layers formed of the same material 
as the material of the electrodes of the front face be- 
to tween the ceramic layers to be connected to the elec- 
trodes of the front face to radiate heat from both the ce- 
ramic radiating plate and the conductor layers, the heat 
generated at the semiconductors can be transmitted 
from the electric circuits through the conductor layers 
'5 and internal conductors to the lower ceramic plate with 
utilization of heat conduction properties of the metal. Ac- 
cordingly, a heat diffusion efficiency is improved and a 
heat radiation efficiency can be made much better. 
[0107] In the case where one semiconductor is to be 
20 mounted or a plurality of semiconductors having lower 
electrodes of an equal current and voltage characteris- 
tics are to be mounted, the radiating plate itself can be 
a conductor. If the radiating plate is formed of any one 
of copper, copper alloy, aluminum, and aluminum alloy, 
25 or the radiating plate is formed of the metal after sub- 
jected to a surface treatment, the material forming the 
radiating plate transmits heat and electricity good, dif- 
fuses heat quickly and is easy to solder among metals, 
so that the heat radiation effect for the semiconductors 
30 can further be effectuated. 

[0108] When part of the sealing resin and part of the 
pillared or spherical electrodes are removed simultane- 
ously after the pillared or spherical electrodes are cov- 
ered with the sealing resin, thereby exposing the elec- 
ts trode parts to form the connecting part, the pillared or 
spherical electrodes can be uniformed in height accu- 
rately. 

[0109] When the pillared or spherical electrodes are 
pressed to be smooth after joined to the semiconductors 
40 and the metallic radiating plate or sealed with the sealing 
resin, the pillared or spherical electrodes are deformed 
to be uniform in height easily when pressured with use 
of a jig having a smooth face or a mold having a smooth 
face. 

45 [01 1 0] In the case where the pillared or spherical elec- 
trodes are formed in the double structure of the hard in- 
side and soft outside, or in the double struclure having 
the outside of a material of a lower melting temperature 
than the inside, although the soft outside of the pillared 

50 or spherical electrodes is deformed when joined to the 
circuit board, the pillared or spherical electrodes are pre- 
vented from being deformed largo as a whole because 
of being supported by the hard inside material, whereby 
a smoothness can be secured at the leading end parts 

55 of the pillared or spherical electrodes. 

[0111] If the radiating plate is provided with the pits 
and projections to the front face of the face opposite to 
the joined face to the semiconductors, the radiating 
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plate has a larger surface area, thus improving the heat 
radiation effect and, also increasing the contact area to 
the air, increasing an amount of heat of the radiating 
plate for radiating to the air. The heat radiation effect can 
be promoted. 

[0112] In an arrangement in which the plurality of 
bumps are arranged to each of the upper first electrode 
(upper a electrode) and the upper second electrode (up- 
per b electrode) of the semiconductor, with the pillared 
or spherical electrodes being joined on the bumps, the 
semiconductor can be less damaged because the small 
gold bumps are formed through ultrasonic oscillation 
than when the large pillared or spherical electrodes are 
directly joined to the upper first electrode (upper a elec- 
trode) and the upper second electrode (upper b elec- 
trode) of the semiconductor. Setting the pillared or 
spherical electrodes on the bumps through ultrasonic 
oscillation can ease a load to the semiconductor be- 
cause of the deformation of the bumps and can adjust 
the height. The gold bump is good in solderability, ena- 
bling joining to the pillared or spherical electrodes by a 
solder. 

[0113] Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the art. 
Such changes and modifications are to be understood 
as included within the scope of the present invention as 
defined by the appended claims unless they depart 
therefrom. 



Claims 

1 . A semiconductor package comprising: 

a first semiconductor (1, 1A, 1B) having elec- 
trodes formed to both of an upper and a lower 
faces; 

a heat radiating plate (10, 14, 40) to which a 
lower face electrode of the first semiconductor 
is joined with use of a joining member; and 
pillared or spherical electrodes (11 ) which are 
joined to the upper face electrodes of the first 
semiconductor and the heat radiating plate re- 
spectively. 



lower faces and of the same kind of the first semi- 
conductor, a lower face electrode of the second 
semiconductor being joined to the heat radiating 
plate with use of a joining member, the heat radiat- 
ing plate having an electric circuit (15) of an equal 
polarity formed of a single or a combination material 
of gold, silver, copper nickel, and tungsten and set 
to ceramic, with the first and second semiconduc- 
tors (1) being joined to the electric circuit of the 
equal polarity. 

4. A semiconductor package according to Claim 1 or 
2, f urthercomprising a third semiconductor (1 A, 1 B) 
having electrodes formed to both of an upper and a 
lower faces and of a different kind of the first semi- 
conductor, a lower face electrode of the third sem- 
iconductor being joined to the heat radiating plate 
with use of a joining member, the heat radiating 
plate having an electric circuit (15A, 15B) of a plu- 
rality of polarities independently with the circuit be- 
ing formed of a single or a combination material of 
gold, silver, copper, nickel, and tungsten and set to 
ceramic and with the first and third semiconductors 
(1 A, 1B) of the different kinds being joined respec- 
tively to the plurality of polarities of the electric cir- 
cuit. 

5. A semiconductor package according to any one of 
Claims 1 -4, wherein the heat radiating plate (40) is 



30 constituted of ceramic in a multilayer structure (1 4a, 
1 4b). having a circuit for the semiconductor and the 
pillared or spherical electrodes with the circuit being 
formed of a single or a combination material of gold , 
silver, copper, nickel, and tungsten and set to a front 

35 face thereof, and the heat radiating plate (40) has 
conductor layers (15D, 17) formed of an equal ma- 
terial to a material of the electrodes of the front face 
thereof and arranged between layers of the ceramic 
to be connected to the circuit (1 5C) of the front face, 

40 so that heat of the semiconductor is radiated by both 
the ceramic and the conductor layers. 

6. A semiconductor package according to Claim 1 or 
2, wherein the heat radiating plate is formed of any 
45 one material of copper, copper alloy, aluminum, and 
aluminum alloy, or any one of the metals subjected 
to surface treatment. 



10 



2. A semiconductor package according to Claim 1 , fur- 
ther comprising a sealing resin (12) with which the 50 
first semiconductor and a face of the heat radiating 
plate joined to the first semiconductor are covered 

in a manner to expose a part (13) of leading ends 
of the pillared or spherical electrodes. 

55 

3. A semiconductor package according to Claim 1 or 
2, further comprising a second semiconductor (1) 
having electrodes formed to both of an upper and a 



7. A semiconductor package according to any one of 
Claims 1 and 3-6, wherein the sealing resin and the 
pillared or spherical electrodes are formed by re- 
moving simultaneously part of the sealing resin and 
part of the pillared or spherical electrodes after the 
pillared or spherical electrodes are covered with the 
sealing resin, thereby exposing the pillared or 
spherical electrodes to constitute electric connect- 
ing parts. 
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8. A semiconductor package according to any one of 
Claims 1 -7, wherein the pillared or spherical elec- 
trodes have leading ends pressed smoothly to a 
uniform height. 

9. A semiconductor package according to any one of 
Claims 1-8, wherein the pillared or spherical elec- 
trode is formed of materials of different hardnesses 
between an inside (21) thereof and an outside (22) 
thereof. 

10. A semiconductor package according to any one of 
Claims 1-8, wherein the pillared or spherical elec- 
trode is formed of materials of different melting tem- 
peratures between an inside (21) thereof and an 
outside (22) thereof. 

11. A semiconductor package according to any one of 
Claims 1-3, wherein further comprising a fourth 
semiconductor having electrodes formed to both of 
an upper and a lower faces and of a different kind 
of the first semiconductor and having a tower face 
electrode of an equal current and voltage charac- 
teristics to the first semiconductor, the lower face 
electrode of the fourth semiconductor being joined 
to the heat radiating plate with use of a joining mem- 
ber, the first and fourth semiconductors (1 A, 1 B) are 
mounted on the heat radiating plate. 

12. A semiconductor package according to any one of 
Claims 1-11. wherein the heat radiating plate is pro- 
vided with pits and projections (23) to a front face 
of a face opposite to a face joined to the semicon- 
ductors 

13. A semiconductor package according to any one of 
Claims 1-12. wherein a plurality of bumps (24) are 
disposed between the upper face electrodes of the 
semiconductor and the pillared or spherical elec- 
trodes 

14. A method for forming a semiconductor package, 
compnsing: 

joining a lower face electrode of a first semicon- 
ductor (1 . 1 A. 1B) which has electrodes formed 
to both of an upper and a lower faces to a heat 
radiating plate ( 1 0. 1 4 ; 40) with use of a joining 
member: and 

joining pillared or spherical electrodes (11) to 
the upper face electrodes of the first semicon- 
ductor and the heat radiating plate respectively. 

1 5. A method for forming a semiconductor package ac- 
cording to Claim 1 4 : further comprising, afterthe pil- 
lared or spherical electrodes (11) are respectively 
joined to the upper face electrodes of the first sem- 
iconductor and the heat radiating plate, covering the 



first semiconductor and a face of the heat radiating 
plate joined to the fi rst semiconductor with a sealing 
resin (12) in a manner to expose apart (13) of lead- 
ing ends of the pillared or spherical electrodes. 

16. A method for forming a semiconductor package ac- 
cording to Claim 14 or 15, wherein when the first 
semiconductor is joined to the heat radiating plate, 
a lower face electrode of a second semiconductor 
(1 ) of the same kind of the first semiconductor which 
has electrodes formed to both of an upper and a 
lower faces is joined to the heat radiating plate with 
use of a joining member and the first and second 
semiconductors (1) are joined to an electric circuit 
(15) of an equal polarity of the heat radiating plate 
with the electric circuit of the equal polarity being 
formed of a single or a combination material of gold, 
silver, copper, nickel, and tungsten and set to ce- 
ramic. 

17. A method for forming a semiconductor package ac- 
cording to Claim 14 or 15, wherein when the first 
semiconductor is joined to the heat radiating plate, 
a lower face electrode of a third semiconductor (1 A, 
1 B) of a different kind of the first semiconductor 
which has electrodes formed to both of an upper 
and a lower faces is joined to the heat radiating plate 
with use of a joining member and the first and third 
semiconductors (1A, 1B) are joined to an electric 
circuit (15A, 15B) of a plurality of polarities inde- 
pendently of the heat radiating plate with the electric 
circuit being formed of a single or acombination ma- 
terial of gold, silver, copper, nickel, and tungsten 
and set to ceramic. 

35 

18. A method forforming a semiconductor package ac- 
cording to any one of Claims 14-17, further compris- 
ing, before the semiconductor is joined to the heat 
radiating plate, forming, on a front face of the heat 

*o radiating plate (40) constituted of ceramic in a layer 
structure (14a and 14b), a circuit for the semicon- 
ductors and the pillared or spherical electrodes by 
a single or a combination material of gold, silver, 
copper, nickel, and tungsten, and arranging con- 

45 ductor layers (15D : 1 7) of an equal material to a ma- 
terial of the electrodes of the front face between lay- 
ers of the ceramic to be connected to the circuits 
(15C) of the front face thereof, so that heat of the 
semiconductors is radiated by both the ceramic and 

50 the conductor layers. 

19. A method for forming a semiconductor package ac- 
cording to Claim 14 or 1 6, wherein, before the sem- 
iconductor is joined to the heat radiating plate, form- 

55 ing the heat radiating plate by any one material of 
copper, copper alloy, aluminum, and aluminum al- 
loy, or any one of the metals subjected to surface 
treatment. 
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20. A method for forming a semiconductor package ac- 
cording to any one of Claims 14-19, further compris- 
ing: 

after the pillared or spherical electrodes (11) 
are respectively joined to the upper face elec- 
trodes of the first semiconductor and the heat 
radiating plate, covering the pillared or spheri- 
cal electrodes with the sealing resin; and 
thereafter removing part of the sealing resin 
and part of the pillared or spherical electrodes 
simultaneously, thereby exposing the pillared 
or spherical electrodes to constitute electric 
connecting parts. 

21 . A method for forming a semiconductor package ac- 
cording to any one of Claims 1 4-20, further compris- 
ing, afterthe pillared orspherical electrodes (1 1 ) are 
respectively joined to the upper face electrodes of 
the first semiconductor and the heat radiating plate, 
pressing smoothly leading ends of the pillared or 
spherical electrodes to a uniform height. 

22. A method for forming a semiconductor package ac- 
cording to any one of Claims 14-21 , wherein when 
the pillared or spherical electrodes (11) are respec- 
tively joined to the upper face electrodes of the first 
semiconductor and the heat radiating plate, the pil- 
lared or spherical electrode formed of materials of 
different hardnesses between an inside (21 ) thereof 
and an outside (22) thereof is used. 

23. A method for forming a semiconductor package ac- 
cording to any one of Claims 1 4-21 , wherein when 
the pillared or spherical electrodes (11) are respec- 
tively joined to the upper face electrodes of the first 
semiconductor and the heat radiating plate, the pil- 
lared or spherical electrode formed of materials of 
different melting temperatures between an inside 
(21) thereof and an outside (22) thereof is used. 

24. A method for forming a semiconductor package ac- 
cording to any one of Claims 14-16, wherein when 
the first semiconductor is joined to the heat radiating 
plate, a lower face electrode of a fourth semicon- 
ductor having electrodes formed to both of an upper 
and a lower faces and of a different kind of the first 
semiconductor and having the lower face electrode 
of an equal current and voltage characteristics to 
the first semiconductor, is joined to the heat radiat- 
ing plate with use of a joining member, so that the 
first and fourth semiconductors (1 A, 1 B) are mount- 
ed on the heat radiating plate. 

25. A method for forming a semiconductor package ac- 
cording to any one of Claims 1 4-24, further compris- 
ing providing the heat radiating plate with pits and 
projections (23) at a front face of a face opposite to 



the face joined to the semiconductors. 

26. A method for forming a semiconductor package ac- 
cording to any one of Claims 1 4-25, further compris- 
5 ing forming a plurality of bumps to the upper elec- 

trodes of the semiconductors, 

wherein when the pillared or spherical elec- 
trodes are joined to the upper face electrodes of the 
semiconductor, the pillared or spherical electrodes 
io are joined to the upper face electrodes of the sem- 
iconductor via the plurality of bumps (24). 
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